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TUMOR SUPPRESSOR GENES 
George Klein, Department of Tumor Biology, Karolinska Institutct. Stockholm, Sweden 

he statements in this abstract are based on work from a large number of laboratories. 
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GENES CODING FOR TUMOR REJECTION ANTIGENS. 
PERSPECTIVES FOR CANCER IMMUNOTHERAPY. 
Boon T., van der Bruggen P., Luquin C., Gaugler B., Bmsseur F., De 
Plaen E., Van den Eynde B., Lethe 8.. Brichard V., Van Pel A., Coulii 
P.G. Ludwig lnstituto for Cancer Research, Brussels Branch, 74 Avenue 
Hippocrate - UCL 74.59, &1289 Brussels, Belgium and Cellular Genetics 
Unit, Univsrsite Catholktue ds Louvain, Brussels. Belgium. 

We have identified genes that code for antigens recognized on 
human tumors by cytdytii T fymphocvtes (CTL) (I). 
Human melanoma MZ2-MEL presents several distinct antigens 
recognized by autobQous cytolytii T cells. The gene coding for one of 
these antigens. KS-E, has been isolated (2.3). This gene, named 
MAGE-1, belongs to a family of 12 closety related genes, thst are kcated 
on chromosome X. The sequence of the gene in the melanoma tumor is 
identical to that found in normal tissues, but it is not expressed in normal 
tissues with the exception of testis. Gene MAGE-1 is expressed in 
approximately 49 % d melanoma tumors, on approximately 29% of breast 
tumors and 39% d non small cell bronchial tumors (4). Antigen MZ2-E 
consists of a peptide sncoded by MAGE-1 that is presented by an HLA- 
Al molecule. The sequence of the nonapeptide has been ktentffied (5). 
Recently. we have found thst gene MAGE-3 atso codes for an antigen 
recognized by CTL cn a HLA-Al molecule. Gene MAGE-3 is expressed in 
85% d melanoma tumors. 
We have also identified two additional genes that code for antigens 
recognized by CTL on most melanomas of HLA-A2 patients (6, 7). The 
first gene cc&s for tytosinase, the enzyme that synthesizes DCPA in the 
melanin pathway (8). This gene is expressed in melanoma and 

have been detcctcd in other combinations. The pmto-oncogene c-erbB inhibits ,he 
transforming effect of v-&B. A non-transforming mutant of C-WC, can inhibit the 
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am, ICS with a germline mutation of Rb develop both t”mors 

UC to the loss of the nqrmal allele during somatic development. Non- 
disjunction is the most frequent mcchanlsm for this second loss. Reconstitution of Rb- 
neg”,ive cells with the Rb gene also appears to contribute to the development and/or 
oroeressio” of several solid tumors. 
f. the p53 gene can function both as an oncogcnc and a tumor suppressor oe”e. Its loss 
appears to contribute to the development of several human and an,mal le%emias. The 
mutant form of the gene is lransfqrming. mutations of pS3 represent the most frcquen, 
currently known genetic change I” some multi-cancer famibcs with the Li-Fmumen, 
syndrome. Loss or mutation of ~53 represents the second genetic than e in the 
os,os~rcomas that arise in Rb mu,a,,on carrvinr! families (see above). Loss o 9 one and 
mutation of the other allele is very common~inEolorcctal &comas. 
6. The transforming pmtcins of unrelated DNA tumor viruses lie SV40, onto enic 
adenoviruses and human pnpiloma viruses, were found to targd in on Rb and ~53. $ his 
is B remarkable case of convcrgc”, evolution. SV40 large T uses two dIffernet domams 
,o complex with Rb and ~53 wherws adeno - and pamillomaviruscs use two different 

roteins. 
f he normal funclion of Rb and ~53 has no, been clarified. Non-phofphorylatcd Rb 
protein may inhibit the cn,ry, of the cell into the S phase. Phosphorylation or complexing 
wlh the wral proteins mcntloncd inactivates this effect. 
7. The membrane omteine LMPI. encoded bv the Eostein-Barr virus CEBVI. can serve 

melanocytes. The second gene is unrelated to presently known 
sequences. Its expression is also restricted to melanoma and 
melanocytes. 
The observations made with gene MAGE-1 may lead to new approaches 
of specific cancer immunotherapy. Patients can be typed readily for HLA- 
Al. The expression of gene MAGE-1 in their tumor can be assayed 
rapidty by reverse transcription and polymerase chain reaction (PCR) on 
the RNA of a small tumor sample. Positive patients can then be 
immunized with cells expressing antigen Mi!2-E. Genetic constructs 
expressing high amounts of MAGE-1 , H&Al and interleukin 2 or 4 may 
provide improved immunogenicit. To establish whether immune 
responses will be generated, it will be necessary to compare CTL 
precursor frequencies in pstients before and after immunization (9). 
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